The phase decomposition of the 0 phase in the Zn-22 mass%Al and Zn-22 mass%Al-2 mass%Cu at room temperature was followed by means of the X-ray diffraction (XRD), transmission electron microscopy (TEM) and Vickers hardness (VH) measurements. Alloys were homogenized at 623 K for 432 ks and then quenched at 275 K. Immediately, they were characterized by XRD and simultaneously other samples were analyzed by hardness Vickers measurements. The XRD results showed that the 0 phase is unstable at room temperature and its decomposition finished after 1.8 and 18 ks by the following reaction, 0 ! þ , for the Zn-22 mass%Al and Zn-22 mass%Al-2 mass%Cu alloys, respectively. The TEM analysis was carried out in the Zn-22 mass%Al-2 mass%Cu alloy, which showed a slower kinetics than the Zn-22 mass%Al alloy. The TEM results showed in situ that the 0 phase is in coexistence with the " phase and its decomposition occurs by the formation of colonies composed of nanometric grains of the and phases. Such colonies extend to cover completely all the surface of the alloy, followed by the coarsening of grains to the micrometer scale. The Vickers hardness results showed an increase in hardness up to a maximum of 108 and 148 VH, followed by a decreasing in hardness of 50 and 80 VH, for the natural aging of the Zn-22 mass%Al and Zn-22 mass%Al-2 mass%Cu alloys, respectively. These results can be attributed to the presence of the nanometric and micrometric grains, respectively.
Introduction
The Zn-Al eutectoid alloys are usually hardened and strengthened by copper and magnesium additions. [1] [2] [3] Copper is used at levels of up to 2-3% and it promotes the formation of intermetallic phases which are responsible for a dimensional instability. [2] [3] [4] [5] According to Mykura et al., 6) there are mainly two types of phase transformations in the Zn-22 mass%Al-2 mass%Cu alloy denominated as short-term and long-term transformations. The short term transformation is related to a decomposition of a metastable phase that occurs in a short period of time (several ks to hours) at room temperature. This has also been observed to occur in the eutectoid Zn-Al alloys. 5) That is, the metastable Zn-rich 0 phase (supersaturated solid solution with an fcc structure) starts to decompose into the equilibrium Al-rich (fcc structure) and Zn-rich (hcp structure) phases in less than 0.42 ks after quenching at room temperature. The 0 phase decomposition into a mixture of the and phases after aging of the Zn-22 mass%Al alloy ends after 18 ks at room temperature.
5) Additionally, they observed that after a complete transformation of the 0 phase, the microstructure consisted of the fine grains of the and phases (named bi-phase) based on their optical microscope observations.
On the other hand, the addition of about 2 mass% copper in the Zn-22 mass%Al alloy promotes the formation of the metastable " (CuZn 4 -hcp structure) phase, and it transforms during the long-term transformation by the four-phase reaction, þ " ! þ 0 , to obtain the equilibrium , and 0 (rhombohedral intermetallic phase, Al 4 Cu 3 Zn) phases in the Zn-22 mass%Al-2 mass%Cu. 3, 4, 6) This phase transformation is strongly related to the dimensional stability. 6) Additionally, the copper addition delays the decomposition of the 0 phase to obtain the equilibrium phases. 7) Besides, there is no report on the microstructural evolution and kinetics of the 0 phase decomposition at the early stages of aging, as well as, its corresponding effect on the hardness for eutectoid Zn-Al based alloys. Then the purpose of this investigation is to analyze the phase decomposition of the 0 phase (short term transformation) at the early stage of aging at room temperature in the Zn-22 mass%Al and Zn-22 mass%Al-2 mass%Cu alloys.
Experimental Procedure
Samples of 10 mm Â 10 mm Â 10 mm of Zn-22 mass%Al and Zn-22 mass%Al-2 mass%Cu alloys were homogenized at 623 K for 432 ks, quenched at 275 K and then aged at room temperature. Immediately, they were analyzed by X-ray diffraction (XRD) and simultaneously by Vickers hardness (VH) measurements. The XRD analysis was conducted every 1.8 ks for both alloys, while the VH measurements were taken every 45 s and 1.8 ks, for the Zn-22 mass%Al and Zn-22 mass%Al-2 mass%Cu alloys, respectively. The X-ray diffraction analysis was conducted in a Siemens diffractometer with a monochromated Cu K radiation. The TEM samples of 3 mm diameter and 150 mm thickness were cut first with a diamond disk and then with an electroerosion equipment. Samples were electropolished using a two-jet Fischione electropolishing equipment in an electrolyte composed of 10 vol% phosphoric acid and 20 vol% glycerol in methanol at 223 K (À50 C) at 50 V and 60 mA. The TEM observations were carried out in a JEOL 2000 FXII TEM equipped with EDX facilities at 200 kV. respectively, after homogenizing, quenching and aged at room temperature. Figure 1 shows the presence of the 0 and phases after quenching in the Zn-22 mass%Al alloy, as indicated by their corresponding diffraction peaks. The X-ray diffraction peaks corresponding to the phase are overlapped with those corresponding to the 0 phase. This suggests that the decomposition of the 0 phase into the mixture of the and phases started during quenching. The X-ray diffraction peaks of the 0 phase disappeared after 1.8 ks at room temperature, while the X-ray diffraction peaks of the and phases rise in intensity. On the other hand, Figure 2 shows the presence of the X-ray diffraction peaks of the 0 and " phases after quenching in the Zn-22 mass%Al-2 mass%Cu alloy, as expected for this composition in the equilibrium ZnAl-Cu diagram.
Results and Discussion
8) The X-ray diffraction peaks of the 0 phase disappeared after 18 ks at room temperature, while the X-ray diffraction peaks of the and phases were appearing. It is evident that the short term transformation of the 0 phase is delayed with the Cu addition in the Zn-22 mass%Al alloy, by a factor of 10.
It is important to mention that the 0 phase is unstable at room temperature and can not be retained in spite of the severe quenching. 5, 6) However, the Cu addition reduces the decomposition kinetics of the 0 phase. It is according with the results of Krupkowski et al., 5) this work results suggest that the 0 phase decomposition in the Zn-22 mass%Al-2 mass%Cu is delayed because the copper atoms slow the atomic diffusion process.
These results suggest that the 0 phase is decomposed by the following reaction, 0 ! þ , for both alloys at room temperature. Then, the phases present after the short term decomposition, are the and phases, and , , " phases for the Zn-22 mass%Al-2mass and Zn-22 mass%Al-2 mass%Cu alloys, respectively.
Additionally, the bright field images in the TEM show in situ the 0 phase decomposition in the Zn-22 mass%Al-2 mass%Cu alloy, Fig. 3 . The TEM micrographs were taken for 0 to 14.4 ks (Figs. (a-i) ), 36 ks (Fig. (k) ) and 108 ks (Fig.  (l) ) of aging. The 0 phase is shown in the as-quenched condition (Fig. 3(a) ) to observe its decomposition. However, it is important to notice that the 0 phase is in coexistence with the " phase in the as-quenched condition as shown in Fig. 3(j) . This result confirms the X-ray diffraction results. The indexed electron diffraction pattern of the 0 phase (Fig. 3(a) ) corresponds to an axis zone B ¼ ½001 showing the existence of a face centered cubic structure as reported in the literature.
8) It can be noticed that the short-term transformation begins with the nucleation of nanometric grains of the and phases. These nanometric phases form colonies (Fig. 3(b)-(h) ). Such colonies extend to cover all the surface of the sample (Fig. 3(i) ) maintaining the nanometric grains, which is corroborated with its ring diffraction pattern. Finally, coarsening of the grains to the micrometer scale was observed to occur ( Fig. 3(k)-(l) ). Figure 3(j) shows a large and isolated particle of the " phase in coexistence with the fine grains of the and phases. This fact confirms that the , and " phases are in coexistence after the short term transformation. It is important to mention that the short-term transformation of the 0 phase can not be followed by TEM in the Zn-22 mass%Al because of the rapid decomposition at room temperature. Figure 4 shows the aging curves for Zn-22 mass%Al and Zn-22 mass%Al-2 mass%Cu alloys. A similar behavior is observed in the early stage of aging for both alloys. That is, there is an increment up to a maximum of 108 HV after 0.11 ks and 148 HV after 22 ks at room temperature, for the Zn-22 mass%Al and Zn-22 mass%Al-2 mass%Cu alloys, respectively. Subsequently, the hardness decreases for both alloys. This behavior can be explained by the formation of nanometric grains of the and phases. The subsequent coarsening of grains produces the decrease in hardness at room temperature. Similar results were obtained by Smith et al. 7) for the Zn-22%mass Al alloy and they pointed out that the breakdown of the 0 (or 0 ) to intermediate products ( and phases) gives rise to major contraction, rise in hardness and continuous rise in electrical conductivity at room temperature. Subsequently, the decrease in hardness is attributed to the coarsening of the intermediate products.
Finally, it is evident that the copper addition to the Zn-22 mass%Al alloy promotes the formation of the metastable intermetallic " phase and then the increase in hardness of this alloy. 3, 6, 9) 4. Conclusions 
